Study design: Cross-sectional. Objective: To determine the association between leisure-time physical activity (LTPA) and adherence to Eating Well with Canada's Food Guide (CFG) in community-dwelling adults with chronic Spinal Cord Injury (SCI). Setting: Ontario, Canada. Methods: Participants were recruited as part of the Study of Health and Activity in People with SCI (SHAPE-SCI). Dietary data were collected using 24-h recalls and analysed for adherence to CFG recommendations by age group and gender. LTPA was assessed using the Physical Activity Recall Assessment for Persons with SCI. Statistical analysis comprised correlations, multiple regression and w 2 . Results: We studied 75 adults (n ¼ 61 M; 42.4±11.8 years; 25.5±5.2 kg m -2 ) with chronic (X1-year post-injury) SCI. Of these, 37% of participants were inactive, 29% were low-active and 33% were high-active. Fewer than 5% of participants were 100% adherent with CFG; 85% were adherent to p50%. Activity level and overall adherence to CFG were not correlated (r ¼ À0.052, P ¼ 0.666). Although there were no associations between LTPA and vegetables and fruit, grain products, milk and alternatives, or other foods (all P40.05), high activity was associated with consuming less than the minimum number of recommended servings of meat and alternatives (f ¼ À0.258, P ¼ 0.026). Conclusion: Clinicians need to be aware of the poor diet quality, and low levels of physical activity, of people with chronic SCI. They should not assume that those who are more active consume better quality diets than those who are low active or inactive.
Introduction
Improvements in acute care over the past 30 years have led to increases in long-term survival rates in people with spinal cord injury (SCI). A longer life span means that people with SCI risk chronic health problems, including diabetes 1 and cardiovascular disease. 2 Thus, attenuating risk for chronic disease is important in this population. Selected lifestyle health behaviours, including consuming a nutritious diet and being physically active, reduce chronic disease risk in able-bodied people. 3, 4 Although we have previously reported an association between leisure-time physical activity (LTPA, activity people choose to do in their leisure time) and reduced chronic disease risk factors in those with SCI, 5 very little is known about the relationship between LTPA and diet quality in this population. This is not trivial as the able-bodied literature suggests a clustering of lifestyle behaviours; those who are more active consume more nutritious diets, including more fruits and vegetables and fewer servings of meat, than those who are sedentary or low-active. [6] [7] [8] [9] Food schemes, such as Eating Well with Canada's Food Guide (CFG), 10 assist individuals in ensuring their diets meet nutritional requirements for their age and gender, and allow individuals to plan their diets, maintain a healthy weight and reduce risk of chronic disease. Limited information regarding adherence to food schemesFan indicator of overall diet qualityFis available for the SCI population. Tomey et al. 11 found men with paraplegia to consume significantly fewer servings of grains, fruit and dairy, but more servings of meat, than able-bodied men enrolled in the 1999-2000 NHANES cohort. These preliminary data suggest that more in-depth study of adherence to food schemes in the SCI population is needed.
Given that physical activity and diet quality are associated in able-bodied people, our objective was to explore the association between LTPA and adherence to CFG in a representative sample of community-dwelling adults with SCI. We hypothesized that higher levels of LTPA would be associated with increased adherence to CFG.
Materials and methods

Participants
The Study of Health and Activity in People with SCI (SHAPE-SCI) is a large (n ¼ 696), multi-centre study of physical activity in people with chronic SCI, and for which methods have been published. 12 Inclusion criteria required participants to: be residents of Ontario Canada, have obtained a traumatic SCI at least 12 months before participation, be at least 18 years of age, be proficient in written and spoken English, have no self-reported cognitive impairment and rely on the use of a wheelchair when outside the home. Individuals were invited to participate in a substudy if they lived within a 200-km radius of McMaster University in Hamilton, Ontario, and were able to transfer between a bed and wheelchair. Research ethics boards at the University of Guelph and McMaster University approved the procedures. All participants provided informed consent before being enrolled in the substudy. Participants were remunerated with $10 at the conclusion of the study visit.
Methods
Data for the larger SHAPE-SCI were collected during a prescheduled telephone interview conducted on a random day of the week, and included: demographic and impairment details including level of injury (paraplegia vs tetraplegia), health history, predictors of LTPA, reports of secondary complications and well-being, as well as the Physical Activity Recall Assessment for persons with SCI (PARA-SCI). 13 The PARA-SCI is a semi-structured telephone questionnaire that measures the type, duration, intensity and frequency of physical activity over a 3-day period, and which is administered by trained research assistants. The scale measures time spent performing lifestyle activities, LTPA and cumulative activity; only LTPA was included in the current analyses. The total number of minutes spent performing mild, moderate and heavy LTPA for the 3-day period was summed and divided by three to yield a daily mean. If participants were eligible for, and consented to being enrolled in, the substudy, then trained research assistants visited the participants in their homes within 2 weeks of the initial telephone call. The research assistants conducted a 24-h recall with each participant, using food models and the multiple pass method as previously described.
14 Dietary data were analyzed using EATracker, 15 an online dietary analysis program, which assesses the number of servings consumed for each food group according to Eating Well with CFG.
10
EATracker uses typical portion sizes to constitute a serving size (for example, one can of pop). Foods not included in the EATracker database were manually divided into their food group components wherein necessary and added to the total generated by EATracker. The recommended number of servings for each food group of CFG, by age and gender, is shown in Table 1 . A participant was considered adherent to a food group if she consumed the minimum number of recommended servings, by age and gender, for that group.
To assess overall adherence to CFG, the number of food groups to which a participant adhered was divided by the number of food groups (4) and then converted into a percentage. Participants were thus identified as being 0, 25, 50, 75 or 100% adherent to CFG, representing adherence to the minimum number of recommended servings of 0 of the 4 food groups, or 1, 2, 3 or all 4, respectively. Participants' intake of other foods was also assessed. Other foods are those not included in any of the four food groups and include items such as jam, pop, potato chips, and so on. 10 CFG recommends Canadians limit intake of these foods, 10 therefore it was not possible to determine adherence. Instead, the association between LTPA and the number of other foods servings was examined. Participants were weighed in light clothing and without shoes, using a portable, digital, wheelchair scale (Health O Meter 2450KL, Brooklyn, NY, USA), in kg to the nearest decimal place. They were then transferred from their wheelchairs to a spine board (National Lifesaving Society item EQ-10, Edmonton, AB, Canada) on their beds to provide a hard, flat surface on which to measure length. Length was measured in cm to the nearest decimal place, from crown to heel, using a flexible, non-elastic tape measure. Body mass index was calculated as weight (kg) per length (m 2 ). We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Statistical analysis
Data were analyzed using SPSS Version 16.0 (SPSS, Inc., Chicago, IL, USA). A P-value p0.05 was considered significant. Data were assessed for normality; LTPA and intake of other foods were found to be highly skewed. Therefore, when analyzed as a continuous variable, LTPA was transformed using square root. When analyzed as a categorical variable, visual binning was used to create tertiles of the number of minutes of LTPA performed per day (inactive, 0.00 min day ; high-active, X26.68 min day -1 ) and of servings of other foods consumed (o6.00, 6.01-11.00 and 411.01). Differences in level of LTPA by level Regression analysis was conducted to determine whether a correlation existed between level of LTPA and intake of other foods. Multiple regression analysis was performed to determine correlations between LTPA (expressed as a continuous variable) and overall adherence to CFG (0, 25, 50, 75 or 100%) in one regression, and to the four food groups in a second regression. Crosstab analysis, to calculate the f coefficient, was performed to determine whether the frequency of adherence to each food group differed by level of LTPA (expressed as a categorical variable).
Results
Characteristics of the study sample are presented in 
Discussion
This is the first study investigating the association between LTPA and adherence to the 2007 Eating Well with CFG in community-dwelling adults with chronic SCI. Participants were poorly adherent to CFG. Although there were no associations between LTPA and overall adherence to CFG, high-active participants did not consume the minimum recommended number of servings of meat and alternatives. There was no association between LTPA and amount of other foods consumed. Leisure-time physical activity and diet quality KH Knight et al
We found overall adherence to CFG, and thus diet quality, to be poor. The majority of participants (85%) were p50% adherent to the food scheme; fewer than 5% were 100% adherent. We therefore explored adherence to the minimum number of recommended servings within each food group; these results fared no better. Only one-quarter to one-third of participants were adherent to each of milk and alternatives, vegetables and fruit, and grain products; two-thirds were adherent to meat and alternatives. Interpreting these findings relative to able-bodied adult Canadians is difficult as no data describing adherence to the revised 2007 10 CFG have yet been published. However, Garriguet 16 reported that the average number of daily servings from each of vegetables and fruit and milk products (but not grain products or meat and alternatives) consumed by adult Canadians, as per the 1992 version of CFG, were below recommendations. Concerns regarding diet quality of Canadians appear to extend beyond our sample of community-dwelling adults with chronic SCI. Nutrients of concern with consistently low intakes of vegetables and fruit, grain products and milk and alternatives include, but are not limited to, dietary fibre (as found, for example, in whole-grain foods and skins of fruit) and bonerelated nutrients (for example, calcium and vitamin D, as found in dairy products). Dietary fibre has an important role in managing neurogenic bowel 17 and bone-related nutrients are critical for a population already at increased risk for osteoporosis. 18 Both dietary fibre and calcium intakes have recently been found to be low in the SCI population. 19 Taken together, these results suggest that overall, communitydwelling adults with chronic SCI may be at increased risk for diet-related chronic conditions. There were no associations between physical activity and either overall adherence to CFG, or to most individual food groups of the Guide. This was unexpected. The null findings are not due to a lack of statistical power; post hoc calculations indicated that we had sufficient participants to detect an association. Alternatively, the lack of variability in food guide adherence (that is, most participants were nonadherent) may have undermined our ability to detect a relationship. However, on close examination of the p coefficients in Table 3 (and with the exception of the high-active and meat and alternatives association), none even approached clinical significance, suggesting a true lack of association between physical activity and adherence to individual food group recommendations. These results not only inform future research, perhaps more importantly, they also point to an urgent need to address the poor diet quality of people with chronic SCI.
The only significant association between LTPA and adherence to individual food group recommendations indicated that high-active participants did not consume the minimum recommended number of servings of meat and alternatives. This finding is not unique to the SCI population; active vs sedentary able-bodied adults have been reported to consume fewer meat servings/less protein. 6, 9 We propose two possible reasons for this finding. As meat is high in fat, highactive people may reduce their intake of foods from the meat and alternatives group in an effort to reduce total fat intake; this is supported by the fact that those who engage in LTPA consume significantly less fat (particularly saturated fat, of which meat is an excellent source) than those who are sedentary. 9 Also, people with SCI who spend much of their leisure time being physically active may not have the time or energy to prepare meats, the latter which involves unwrapping, seasoning, cooking and finally, cutting.
Strengths and limitations
This is the first study to examine associations between LTPA and overall diet quality, using the updated Eating Well with CFG, in people with chronic SCI. It is important to consider these two lifestyle behaviours together because the incidence of chronic diseases is higher in the SCI population, and yet may be attenuated by clustered lifestyle health behaviours. Leisure-time physical activity and diet quality KH Knight et al
Use of the Physical Activity Recall Assessment for persons with SCI strengthened our design as it is the first, and currently the only, measure of physical activity specifically designed for use in the SCI population. Food models provided participants with a visual representation of serving sizes, which may have improved accuracy of dietary intake data. The multiple pass method allowed us to gain information about brand names and cooking methods, providing rich detail about each food item consumed. Finally, our sample was larger than that typically included in SCI studies and importantly, mirrored the larger Canadian SCI population with respect to gender distribution and level of injury, 20 making our findings generalizable. We must acknowledge some of the limitations of our study. We are unable to comment on the usual food intakes of our participants as 24-h recalls provide only crosssectional data. In the absence of a SCI-specific food guide to assess diet quality, we used CFG, which was designed for healthy, able-bodied people. We recognize that no information on nutrient intakes of our sample population is provided; we refer the reader to our recently published paper on this topic. 21 Although we included women, the sample size was not large enough to undertake separate analyses by gender. Despite these limitations, we extend the literature by having investigated diet quality relative to LTPA, a grossly understudied area in the SCI literature.
Conclusion
This is the first investigation of the association between LTPA and diet quality in the SCI population. Adherence to Eating Well with CFG was poor, as were physical activity levels. LTPA and overall adherence were not associated. Together, these findings suggest that clinicians should (1) be aware of the overall poor diet quality, and low activity levels, of people with chronic SCI; (2) not assume that those who are more active necessarily consume better quality diets than those who are low-active or inactive; (3) prioritize management of lifestyle behaviours in the care of people living with chronic SCI. This exploratory study provides a framework for future research, providing insight into the lifestyle health behaviours of people living with SCI. We recommend future studies include larger sample sizes, and investigate any interactive or multiplicative effects of consuming a poor quality diet and partaking in little or no physical activity, on chronic disease risk and secondary complications.
